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Background & Significance 
 
Peripheral venous cannulation is among the most common procedures performed in clinical settings and 
is a prerequisite for fluid resuscitation, administration of medications, and diagnostic testing1,2. In the 
United States, approximately 300 million peripheral intravenous catheters (PIV) are inserted annually1, 
and more than 25% of all visits to the emergency department require intravenous catheters for parenteral 
fluid administration3. Providers in the emergency department have become adept at establishing 
peripheral venous access, but it is estimated that PIV insertion fails for 6 million patients annually1.  
 
Many factors are thought to be associated with difficult venous access, which is typically defined to be 
at least two failed attempts at establishing intravenous access3. Intravenous drug abuse, obesity, multiple 
hospitalizations, and chronic medical problems including diabetes, sickle cell disease, end-stage renal 
disease, and cancer are predisposing factors for difficult venous access2-5. Prior studies have reported 
prevalence of difficult venous access ranging from 8% to 23%2-5. Failure to establish peripheral venous 
access in the emergency department is a costly problem, leading to delays in diagnostics and treatment 
and requiring alternative sites for vascular access such as external jugular, intraosseous, or central 
venous access3. These alternative methods can lead to higher complications rates, decrease patient 
satisfaction, and increase utilization of nursing and physician time6. Central venous catheterization, 
which is often used when traditional venous cannulation methods fail, has an overall complication rate 
of 15%, and complications include arterial puncture, pneumothorax, deep vein thrombosis, and 
infection7,8. These complications pose a significant financial burden to the healthcare system, as the cost 
associated with a single central venous catheter related infection in 2002 was estimated to be $34,508 to 
$56,000 and the median payout for claims resulting from central venous catheter related injuries was 
$100,7502.  
 
In the past few decades, ultrasound guidance has greatly improved the process of localizing vessels for 
cannulation, especially in patients with abnormal vascular anatomy or difficult venous access, thereby 
providing many benefits over landmark-based techniques. Ultrasound guided venous cannulation dates 
back to 1984, when Legler and Nugent showed that the single pass success rate for internal jugular (IJ) 
cannulation could be improved to 77.3% using Doppler ultrasound versus 28.6% for the traditional 
landmark-based approach9. Since the report of real-time ultrasonographic guidance of IJ catheter 
placement by Yonei et al. in 198610, ultrasound guided central venous cannulation has repeatedly been 
shown to increase success rates, decrease complication rates, and improve patient satisfaction1,2,11-15. 
Based on the advantages offered by ultrasound guidance, the Agency for Healthcare Research and 
Quality now recommends real-time ultrasonographic guidance for all central venous access13,16.  
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The ultrasound-guided approach was adapted for peripheral venous access in the emergency department 
by Keyes et al. in an uncontrolled study that demonstrated a 91% success rate for ultrasound-guided 
cannulation of brachial and basilica veins17. A subsequent controlled study validated a higher success 
rate in the ultrasonographic (97%) versus control (33%) group in patients identified to have difficult PIV 
access and also showed that the ultrasonographic group required less time to successful cannulation, 
fewer percutaneous punctures, and resulted in greater patient satisfaction than the traditional landmark-
based approach13. Furthermore, ultrasound-guidance for peripheral venous cannulation has been shown 
to prevent the need for central venous catheterization in 85% of patients with difficult venous access2 
and used 40% fewer kits per patient than landmark-guided placement of catheters11,18. In a healthcare 
climate that is increasingly focused on outcomes and cost-effectiveness, ultrasound-guided peripheral 
venous cannulation has become not only a viable but often the preferred method in patients with difficult 
venous access. 
 
Nevertheless, studies to date on ultrasound-guided peripheral venous cannulation have revealed some 
shortcomings. Conventional IV catheters placed under ultrasound guidance have been prone to 
premature failure with failure rates of 8%7,17 in the first hours after placement and 47% in the first 24 
hours, most commonly due to infiltration7. These failure rates are significantly higher compared with 2% 
at 24 hours and 10% at day 4, which has been reported for standard peripheral IV catheters7,19. 
Moreover, while overall success rates range from 90% to 100% with multiple attempts2,7,13,20, first 
attempt success rate has been less impressive, ranging from 46% to 71%13,20. Our study will assess 
whether the AccuCath catheter with its integrated guidewire can address these shortcomings and 
demonstrate superiority over conventional PIV catheters across clinical outcomes relevant to the 
emergency department setting. 
 
While catheters with guidewires have long been used when placing central and arterial lines, they have 
largely been absent from PIV placement. The AccuCath catheter is differentiated from conventional IV 
catheter in two principal ways. The catheter material consists of polyether block amide, which is a 
thermoplastic elastomer with softness and flexibility designed to decrease vessel wall irritation and 
mechanical phlebitis21. In addition, the integrated guidewire facilitates catheter insertion and limits 
vessel damage21. A prospective, randomized, controlled study has shown a first attempt success rate of 
89% for AccuCath versus 47% for conventional IV along with lower complication rates of 8% for 
AccuCath and 52% for conventional IVs21. This study was performed in an inpatient setting on patients 
receiving elective, non-emergent PIVs21. Our study will be important in determining whether 
AccuCath’s superior first attempt success rate and lower complication rate can be replicated in emergent 
PIVs in the emergency department setting. These improvements could translate to cost savings from 
decreased utilization of physician and nursing time, fewer number of PIV catheters used, higher patient 
satisfaction from fewer percutaneous punctures, and less complications from infiltration and phlebitis.  
 
Purpose & Hypotheses 
The objectives of the study are to: 

1. In patients who fail traditional non-ultrasound IV catheter placement, compare ultrasound-guided 
cannulation of AccuCath catheters versus ultrasound-guided cannulation of conventional IV 
catheters in ED patients across the following clinical parameters: first attempt success rate, 
procedure time from the point of first percutaneous puncture to successful cannulation, total 
number of percutaneous punctures required for successful cannulation, and total number of IV 
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catheters required for successful cannulation. 
2. Assess patient and provider satisfaction with each catheter system on a 5-point Likert scale. 
3. Check for clinical and demographic differences between patient groups that were successfully 

cannulated on first attempt versus those that required multiple attempts. 
 
We hypothesize that:  

1. Ultrasound-guided cannulation of AccuCath IV catheters will demonstrate a higher first attempt 
success rate, require less procedure time, require fewer percutaneous punctures, and utilize fewer 
catheters than ultrasound-guided cannulation of conventional IV catheters in ED patients. 

2. Patients and providers will be more satisfied with AccuCath IV catheters versus conventional IV 
catheters in the ED setting. 

3. There will be no statistically significant clinical and demographic differences between patient 
groups that are successfully cannulated on first attempt versus those that required multiple 
attempts. 
 

Methods 
I. Subject population (Patients) 

a. Inclusion criteria 
 English speaking patients, male or female, aged ≥18 years presenting to the UCMC 

Mitchell ED with Emergency Severity Index (ESI) from 1 to 5 anytime during Monday 
through Sunday. 

 Capable and willing to provide informed consent 
 Acceptable candidate for ultrasound-guided PIV per Mitchell ED protocol (i.e. 3 failed 

attempts by nurses- 2 by primary nurse, 1 by senior nurse) 
 

b. Exclusion criteria 
 Lack of decisional capacity (e.g., intoxication, dementia, delirium, developmental delay) 
 Prior venous grafts or surgery at target IV site 

 
II. Subject population (Providers) 

UCMC emergency faculty and resident physicians. 
 

III. Study implementation 
1. Provider consent 

We will obtain oral consent from UCMC emergency faculty and resident physicians, and nurses 
who have previously undergone ultrasound-guided PIV training, scheduled to work in the Mitchell 
Emergency Department during the study period.  Typically, providers will be consented for participation 
in the study as group during academic conference hours or during ultrasound-guided PIV training 
sessions for nurses. 

 
2. Patient recruitment and IV placement 

We will use an unbiased mechanism for identifying a random cohort of ED patients. We will 
generate a randomization schedule for two treatment groups using 25 blocks of 20 patients. We expect 
to enroll a total of 500 patients in our study, 250 patients in each treatment arm. 

A written patient consent form will explain that patients will be randomized to receive either 
ultrasound-guided cannulation of an AccuCath catheter (Group A) or ultrasound-guided cannulation of a 
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conventional IV catheter (Group B). The consent form will also explain that anonymized records of their 
clinical and demographic information will be used for research purposes. Patients will be able to refuse 
to participate in our study.  

If a patient agrees to participate in the study, he or she will undergo either ultrasound-guided 
cannulation of an AccuCath catheter or ultrasound-guided cannulation of a conventional PIV catheter, 
both of which are currently used in clinical practice. Following ultrasound-guided IV cannulation, 
patients will be asked to respond to survey questions that will assess patient satisfaction with the IV 
catheter received and will document past history of IV drug use, smoking, dialysis, difficult IV stick, 
diabetes, sickle cell disease, cancer chemotherapy, hypertension, and congestive heart failure. 
 

3. Provider’s assessment  
Providers will be required to complete a standardized form documenting the ultrasound-guided 

IV cannulation procedure. The form will ask for: laterality of IV site, number of percutaneous punctures, 
procedure time, number of IV’s used, overall satisfaction with IV catheter.  

 
4. Data acquisition 

All patients admitted to the ED at UC are identified using hospital and physician records, 
including patient age, gender, and race. Relevant demographic data along with emergency severity 
index, body mass index, blood pressure, and past history of IV drug use, smoking, dialysis, difficult IV 
stick, diabetes, sickle cell disease, cancer chemotherapy, hypertension, and congestive heart failure will 
be collected from the patients or extracted from EPIC and used to understand the demographic and 
clinical characteristics of our study participants, with PHI exclusions. The analysis of the data will help 
us understand the generalizability of our findings based on the characteristics of our study population. 

 
Protocol Duration 

2 years 
 

Research Location(s) 
UCMC (Mitchell Hospital, Emergency Department) 
 

Special Precautions 
Special precautions will be taken throughout the data collection process, including: 
1. Performance results of AccuCath vs conventional IV catheters 
In order to avoid influencing care decisions, all clinicians and patients will be blinded to 

aggregate performance results comparing AccuCath IV versus conventional IV catheters. Only study 
personnel will have access to aggregate results comparing AccuCath IV with conventional IV catheters.  

 
2. MRN and Study ID 
The study ID will be linked to the MRN in a password-protected database. No one besides the 

specified study personnel will have access to the records or data.  
 
3. Clinical Data 
Clinical data will be entered directly to a password-protected database. No one besides the 

specified study personnel will have access to the records or data.  
 
4. Satisfaction survey data 
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Patient satisfaction survey data will be entered directly to a password-protected database. No one 
besides the specified study personnel will have access to the records or data.  

 
5. Provider’s assessment data 
Providers will indicate their assessment of catheter performance on a form that will be collected 

and accessed only by the study personnel. The data will be transferred to a password-protected database, 
and the physical copies will be destroyed as soon as data transfer is completed.  
  
Statistical Analysis 

Our primary outcome will compare the first attempt success rate of ultrasound-guided AccuCath 
IV cannulation versus that of ultrasound-guided conventional IV cannulation in ED patients. Our sample 
size of 250 patients for each treatment group has been 80% powered to detect a difference of 10% (2-
sided, =0.05). Our secondary outcome measures include procedure time from the point of first 
percutaneous puncture to successful cannulation, total number of percutaneous punctures, total number 
of IV catheters used, and patient satisfaction. 

We will also check for clinical and demographic differences that may have contributed to 
difficult venous access. 

 
Potential Benefits and Risks to Subjects 

The risks associated with the use of our experimental catheter are comparable to the anticipated 
risks of standard IV therapy, which include infection, infiltration, extravasation, phlebitis, dislodgement, 
bleeding, hematoma, and pain at IV site. There is possibility that the experimental catheter’s guidewire 
could cause intimal damage, but the guidewire has been designed specifically to minimize this risk, 
which is shared by conventional IV catheters. 
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